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Abstract. The viscosity, flow behaviour index, consistency index and mineral content of several 
honey varieties were measured for four consecutive years (2009-2011). Potassium concentration had 
the most impressive variation from 532 mg/kg in 2009 for the sunflower honey variety to 112,5mg/kg 
in 2010 for the rapeseed plant honey.  Strontium concentrations were less than 0.3 mg/kg, however 
further investigation is needed in order to certify these findings.  We have suggested that honey 
viscosity and its variation with temperature may be a relevant quality parameter due especially to 
consumers’ preference for high viscosity honey varieties.   
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INTRODUCTION    
  
Honey is an aqueous colloidal dispersion of saccharides, macromolecules of protein 
and polysaccharides, inorganic ions, pollen grains, spores of yeast and molds. The physical 
properties of honey such as the flow properties are mainly governed by the sugars and water 
content and to certain extent by the presence of large macromolecules such as proteins. Trace 
element content of honey is influenced by botanical, environmental, and geographical factors 
(Bogdanov et al, 2008).  
Marghitas et al (2010) reported the total concentration of Na, K, Mg, Ca, Cu, Zn, Fe, 
Mn, for several Romanian acacia (Robinia pseudoacacia) honeys harvested from Valea lui 
Mihai, Bihor County, Romania. They found that the total concentration of K varied form 
244,58 ppm to 146,66 ppm  being the mineral with the highest concentration off all 
investigated minerals.    
 Total minerals concentrations in honey varieties have been analysed all over the 
world. It was found that the minerals total concentrations vary mainly due to honey variety 
(monofloral, polyfloral, non-floral, and floral or nonfloral species) and geographical origin. 
Mineral total concentrations reported  by several papers  (Bogdanov, et al., 2008; Conti, 2000; 
Terrab et al., 2004; Iskander,1995; Rodriguez-Otero et al., 1994; Golob et al., 2005; Yilmaz 
and Yavuz , 1999; Bengsch,1992) were : Al (ppm): 0.1–24.0;  Pb(ppm): 0.01–0.3; As (ppm): 
0.14–0.26; Li (ppm): 2.25–15.6; Ba (ppm): 0.1–0.8; Mo (ppm): 0–0.04; B(ppm): 0.5–3.0; Ni 
(ppm): 0–0.51; Br(ppm): 4–13.0; Rb(ppm): 0.40–35.0; Cd (ppm): 0–0.01; Si (ppm): 0.5–
240.0; Cl (ppm): 4.0–560.0; Sr (ppm): 0.4–3.5; Co(ppm): 1.0–3.5; S (ppm): 7.0–260.0; F 
(ppm): 4.0–13.4; V (ppm) 0–0.13; I (ppm): 100.0–1000.0; Zr (ppm): 0.5–0.8.  
The flow properties of honeys can be influenced by moisture content, amount of 
different sugars, the amount and size of crystals, and temperature (Recondo et al , 2006). Most 
of the published papers indicate that honey is a Newtonian fluid  (Bhandari et al, 1999) 
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however some findings suggests that certain types of honey can be thixotropic. Temperature 
has a considerable influence on honey viscosity especially at low temperatures. 
Honey is susceptible to adulteration with sugars (invert sugar syrups) or by false 
declaration of floral origin; however the adulteration with invert sugar and syrup will produce 
a different flow behaviour which may easily be detected by simple viscometric measurements. 
  
The present study suggests that textural properties such as viscosity and flow 
behaviour parameters such as temperature coefficient, flow behaviour index (n), temperature 
coefficient (TC)  and energy of activation (Ea) may be used as quality parameters for floral 
and nonfloral honey (honey dew). Moreover the determination of a more extensive number of 
minerals concentrations such as Al, B, Ba, Be, Ca, Cd, Co, Cr, Cu, Fe, K, Li, Mg, Mn, Na, Ni, 
Pb, Se, Sr, Te, Tl, Zn,  will support the screening of the mineral profile of honey and thus 
support another possible method for the classification of honey quality.   
 
MATERIALS AND METHODS   
 
Several honey types were bought from local supermarkets and from farmers located 
in the south of Romania from Valcea county and Ialomita county (SF1, SF2, R1, R2, A1, and 
A2 honey) and from the Arges county. The code SF was used for sunflower honey samples 
from 2009 ( SF1) and 2010 ( SF2), the R code was used for rape honey from 2009 (R1) and 
2010 (R2) and the A code for the acacia honey from 2009 (A1) and 2010(A2) from the Arges 
county. The M codes were used for honeys bough from the local supermarkets in 2011 (M1 to 
M5) and for honey bought from local farmers’ markets from the Arges county ( M6 to M8). 
The M1- M5 honey samples from supermarkets are of unspecified floral origin (polyfloral). 
For the microwave digestion of the honey samples we used a Berghof Speedwave MWS-2 
microwave oven. 0.5 g of each honey sample was digested in 6ml of HNO3 (65%) and 2ml of 
H202 (30%). The digestion was conducted using three steps. Step 1: T = 135oC, Power =75%, 
Time =5 min; step 2: T = 150oC, Power =85%, Time =5 min; step 3: T = 190oC, Power 
=95%, Time =15. After digestion, the samples were diluted to 25ml flasks using ultra pure 
water. 
The mineral concentration of these samples was measured using ICAP series ICP-
OES spectrometer.  All elements were determined against external calibration using synthetic 
standard acid multielemental standard (MERCK ICP standard of 24 elements). Four standards 
where prepared by dilution containing 1 ppm, 5ppm, 10 ppm, 50 ppm of the 24 elements. 
ICP-OES (ICAP series -Thermo Scientific) working parameters:  RF power: 1100 W 
,  nebulizer flow: 0,950 L/min, auxiliary argon flow: 1,02 L/min, plasma argon flow: 15 
L/min, saple flow: 1,0 ml/min, reding time: 45 sec, washing time: 45 sec, number of readings 
for each sample: 3. 
Viscosimetric measurements were conducted using the SV10 Viscometer, samples of 
45 ml of honey and 3 viscosity readings for each sample.  
Honey samples were heated at about 750C and left to cool to room pemperature 
(250C) 
The temperature coefficient (TC) is calculated buy the following equation: 
 
TC = [(viscosity at the end-viscosity at the start) /( temperature at the end – 
temperature at start)]x (1/ averaged viscosity) x100 
 
 The TC unit is (% / 0C) 
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The back extrusion test was conducted using the Universal Texture analyzer TA-
PLUS (Lloyd ). The back extrusion cell has 30 mm in diameter, with a plunger of 24mm in 
diameter. The depth of the test was of 10mm. Flow behaviour index and consistency index 
were calculated from back extrusion tests performed at low speed (1mm/s) and at high speed 
(5mm/s). The maximum force for each sample and each test was recorded as well as the total 
work. The back extrusion test was used for the calculation of the flow behavior index  (n) and 
consistency index (k) according to the method of Toledo (2007) modified by Tudoreanu 2012 
. The flow behaviour index (n) is generally not a strong function of temperature 
therefore it can be calculated using the back extrusion data for 25 0C. However the 
consistency coefficient (K) is temperature dependent and can be modelled with the Arrhenius 
equation.  
The Arrhenius equation is  
ȗ= A exp (Ea/RT) 
Where ȗ  is the dynamic viscosity, A is the Arrhenius coefficient (Pa s), Ea is the 
activation energy ( J/mol), R is the universal gas constant (8314,472 m3 Pa K-1 kmol-1) and 
T(0K) is the sample temperature. Arrhenius equation was fitted to the experimental data in 
order to compute activation energy (Ea) using the CurveExpert Professional 1.6.2. software.  
 
RESULTS AND DISCUSSIONS 
 
Honey viscosity varies with temperature (table 1). The viscosity response to 
temperature is influenced by water content, total minerals concentrations and concentration of 
sugars and large macromolecules such as proteins.     
 
Tab. 1 
Honey viscosity for 400C (mean ± S.E. in mPa s)  
 
Honey samples Viscosity  (mPa s) 
at 400C 
M1 1919.88 ± 0.01 
M2 1618.41 ± 0.04 
M3 2158.95 ±0.01 
M4 1356.86 ±0.04 
M5 2880.8 ±0.01 
M6 2006.3 ±0.02 
M7 1010.48 ±0.02 
M8 3417.92 ±0.02 
SF1 3503.58 ± 0.03 
SF2 1095.39 ±0.01 
R1 2116.61 ±0.01 
R2 2884.47 ±0.02 
A1 3128.69 ± 0.01 
A2 2537.97 ± 0.03 
 
The variation of the viscosity with temperature was distinct for each sample with the 
exception of samples M3 and M6 and for R1 and M2, which had almost similar viscous 
behavior (figure1 and figure 2) for the temperature range: 500C and 700C.  
The temperature coefficient (TC) is strongly dependent on the temperature interval 
for which TC is calculated (table 2).  
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Tab. 2 
The temperature coefficient (TC) for honey samples ( % / 0C)  
 
 Temperature coefficient ( % / 0C)  
Honey  samples 250C - 800C 500C -700C 
M1 -5.491 -7.073 
M2 -6.699 -6.756 
M3 -5.268 -6.823 
M4 -4.609 -7.508 
M5 -7.045 -7.508 
M6 -6.685 -6.821 
M7 -5.628 -6.395 
M8 -6.619 -6.936 
 
The Arrhenius equation described very well the variation of viscosity with 
temperature during cooling from 800C to 200C.  High energy of activation (Ea) (table3) 
indicates that a more rapid change in viscosity with temperature. These changes may be due 
to different sugar fractions as well as due to water content and mineral concentrations of the 
honey samples. Protein content, although in small quantities, will also influence the flow 
behavior of the honey.  
 
 
Fig. 1. Viscosity variation with temperature for the SF1, SF2, R1, R2, A1, and A2 honey  
samples and for the M1, M2, M3, M4, M5, M6, M7, and M8 honey samples 
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Fig. 2. The Arrhenius model for M2 honey sample data of viscosity variation with 
temperature 
 
Tab. 3 
The energy of activation (Ea)  (Ea value ± Standard deviation), the coefficient of determination (r2) 
and the correlation coefficient (r) of the Arrhenius model  (between experimental data and the 
model generated data)  for M1 – M8 honey samples cooled from 800C to 200C  
 
Honey samples  Ea  (kJ/mol) r2 r 
M1 55.951 ± 0.044 0.9609 0.9803 
M2 57.101 ± 0.044 0.9398 0.9694 
M3 29.289 ± 0.047 0.9361 0.9667 
M4 52.834 ± 0.033 0.9467 0.9729 
M5 56.708 ±0.051 0.9506 0.9.750 
M6 56.357 ± 0.037 0.9646 0.9821 
M7 54.813 ± 0.023 0.9776 0.9887 
M8 56.364  ± 0.054 0.9591 0.9793 
 
As a general pattern for all honey samples the Arrhenius equation is slightly 
underestimating the viscosity for temperature below 300K end overestimates it for 
temperature over 300K. The Ea values found for the M1- M8 samples were below the Ea 
value reported by Juszczak and Fortuna (2005) which varied between 92.34 and 
105.25 kJ/mol. Moreover, de M. Queiroz  et al. (2005) reported that that the honey from 
Piptadenia moniliformis flowers has an Ea of 1368 J/ g mol and it flowing behaviour is 
consistent with the pseudoplastic non Newtonian fluid flowing behaviour.  
There is little agreement on the possible standard methods for the determination of 
the textural and rheological properties of honey varieties. A large number of honey varieties 
have a Newtonian rheological behaviour (Juszczak and Fortuna, 2006; Kayacier and 
Karamen, 2007), some others papers reported non-Newtonian behavior for honey varieties 
such as: pseudoplastic behaviour (Gómez-Díaz et al., 2006), thixotropy for Karvi, Heather, 
Manuka, and Buckwheat honeys, and dilatant fluid behaviour for some Eucalyptus and 
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Nigerian honey varieties (Yanniotis et al (2006); Gomez-Diazet al., 2005; Mossel et al., 
2000). 
The flow behavior index (n) is 0.5935 for the M5 honey sample, 0.5915 for the M7 
honey sample and 0.72285 for the M8 honey sample.  
The minerals concentration in the honey samples Sf1, Sf2, R1, R2,  A1 and A2 are 
shown in table 4. The total K concentration (532.127ppm) of the SF1 honey sample exceeded 
the maximum value found by Marghitas et al. (2010)for K total concentration (244, 58 ppm). 
However this K concentration of the SF1 honey sample was much smaller than the one found by Bonvehi and 
Tarres (1993) who found the highest total K concentration in ling heather (Calluna vulgaris (L) Hull 
honey samples to be of 1438.6ppm and the lowest concentration of 227.10ppm. The Sr total concentrations 
found in the SF1, SF2, R1, R2, A1, A2 honey samples are smaller the concentrations reported in early studies 
and which ranged between 0.4 ppm and 3.5 ppm  (Bogdanov et al, 2008).  
 
Tab. 4 
Total mineral concentration of honey samples  (mean ± standard deviation in ppm) average value of 
three  ±Standard deviation)  
 
 
SF1 SF2 R1 R2 A1 A2 
Al (ppm) 12.261± 
 0.003 
12.674± 
0.005 
10.426± 
0.006 
12.138± 
0.006 11.863± 10.571± 
Ca (ppm) 200.523± 0.006 
152.439± 
0.0019 
88.637± 
0.003 
87.145± 
 
50.072± 55.236± 
Cr (ppm) 2.683± 3.011± 2.54± 2.47± 2.55± 2.36± 
Fe (ppm) 16.36± 18.11± 23.314± 16.317± 17.582± 15.647± 
K (ppm) 532.127± 234.643± 194.179± 112.561± 180.183± 252.352± 
Mg (ppm) 39.34± 32.59± 23.475± 23.90± 11.10± 18.12± 
Mn (ppm) 0.745± 0.521± 0.531± 0.612± 0.346± 0.435± 
Na (ppm) 50.715± 47.117± 47.965± 36.083± 24.296± 21.251± 
Sr (ppm) 0.368± 0.006 
0.275± 
0.005 
0.321± 
0.002 
0.267± 
0.003 
0.153± 
0.002 
0.157± 
0.002 
Zn (ppm) 6.921± 0.001 
5.859± 
0.001 
9.457± 
0.002 
2.271± 
0.001 
2.185± 
0.001 
2.052± 
0.001 
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CONCLUSION 
 
The temperature coefficient (TC) is highly dependent on the temperature range. The 
temperature range for the calculation of TC has to take into account the temperatures used for 
the honey processing or for usual consumption.  
As a general pattern for all honey samples the Arrhenius equation is slightly 
underestimating the viscosity for temperature below 300K end overestimates it for 
temperature over 300K although the coefficient of determination is over 0.95 for all samples.  
The activation energy for the honey samples varied between 29.289 ± 0.047 kJ/mol and 
57.101 ± 0.044 kJ/mol. 
The total concentrations of more than 20 minerals is useful for the identification of 
honey geographical and floral / non-floral origin and to characterize the quality of honey 
varieties. 
The flow behaviour indexes (n) at 250C may also be very good indicators of honey 
quality as they are dependent of the chemical composition of the honey (total ash, water 
content, proteins concentration, polysaccharides, etc).    
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